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Aim To compare the efficacy and safety of P2Y12 inhibitor or aspirin monotherapy for secondary prevention in patients with
atherosclerotic cardiovascular disease (ASCVD).

Methods
and results

Medline, Embase, and Cochrane Central databases were searched to identify randomized trials comparing monotherapy
with a P2Y12 inhibitor versus aspirin for secondary prevention in patients with ASCVD (cardiovascular, cerebrovascular,
or peripheral artery disease). The primary outcome was major adverse cardiac events (MACE). Secondary outcomes
were myocardial infarction (MI), stroke, all-cause mortality, and major bleeding. A random-effects model was used to
calculate risk ratios (RR) and the corresponding 95% confidence interval (CI) and heterogeneity among studies was as-
sessed using the Higgins I2 value. A total of 9 eligible trials (5 with clopidogrel and 4 with ticagrelor) with 61 623 patients
were included in our analyses. Monotherapy with P2Y12 inhibitors significantly reduced the risk of MACE by 11% (0.89,
95%CI 0.84–0.95, I2= 0%) andMI by 19% (0.81, 95%CI 0.71–0.92, I2= 0%) compared with aspirin monotherapy. There
was no significant difference in the risk of stroke (0.85, 95%CI 0.73–1.01), or all-cause mortality (1.01, 95%CI 0.92–1.11).
There was also no significant difference in the risk of major bleeding with P2Y12 inhibitor monotherapy compared with
aspirin (0.94, 95% CI 0.72–1.22, I2= 42.6%). Results were consistent irrespective of the P2Y12 inhibitor used.

Conclusion P2Y12 inhibitor monotherapy for secondary prevention is associated with a significant reduction in atherothrombotic
events compared with aspirin alone without an increased risk of major bleeding.
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Graphical Abstract

Ameta-analysis of 9 randomized trials (61 623 patients) was conducted to compare P2Y12 inhibitor monotherapy versus aspirin monotherapy for second-
ary prevention of cardiovascular events in patients with established atherosclerotic cardiovascular disease (coronary, cerebrovascular, or peripheral artery
disease). The included studies had follow-up periods between 3 and 36 months. Monotherapy with P2Y12 inhibitors (clopidogrel or ticagrelor) significantly
reduced the risk of MACE by 11% (0.89, 95% CI 0.84–0.95, I2= 0%) and MI by 19% (0.81, 95% CI 0.71–0.92, I2= 0%) compared with aspirin monotherapy.
There was no significant difference in the risk of stroke, all-cause mortality, or major bleeding. Subgroup analysis revealed that the reduction in MACE with
P2Y12 inhibitors was driven by a reduction in recurrence of the qualifying event. CI= confidence interval, P2Y12i= P2Y12 inhibitor, RR= risk ratio.

Keywords Atherosclerotic cardiovascular disease • Myocardial infarction • Stroke • Antiplatelet agents • Aspirin • P2Y12
inhibitors

Introduction
Antiplatelet therapy is the cornerstone for the prevention and treat-
ment of atherothrombosis.1–3 Aspirin is the most widely used anti-

platelet agent for the prevention of cardiovascular events in

patients with atherosclerotic cardiovascular disease.4,5 P2Y12 inhibi-

tors (e.g. clopidogrel, prasugrel, and ticagrelor), when combined with

aspirin, provide greater antiplatelet effect and higher efficacy at

preventing atherothrombotic events in patients with acute coronary
syndromes or in those undergoing percutaneous coronary
interventions (PCI).6–9 In the chronic phase of secondary prevention
(i.e. after guideline-recommended duration of dual antiplatelet ther-
apy is completed), P2Y12 inhibitors are often discontinued, and as-
pirin monotherapy is continued for long-term prevention of
cardiovascular events. This preferential use of aspirin stems at least
partly from insufficient evidence about the risks and benefits of
P2Y12 inhibitor monotherapy compared with aspirin monotherapy.
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Accordingly, we undertook a systematic review and meta-analysis
of randomized trials to compare the efficacy and safety of P2Y12 in-
hibitor monotherapy versus aspirin monotherapy for secondary pre-
vention of cardiovascular events in patients with atherosclerotic
cardiovascular disease, including coronary, cerebrovascular, or per-
ipheral arterial disease.

Methods

Search strategy and study characteristics
We conducted a comprehensive literature search of multiple electronic
databases (Medline, EMBASE, and Cochrane Central) from inception to
June 12, 2021.We used the following search terms: ‘clopidogrel’, ‘ticagre-
lor’, ‘prasugrel’, ‘thienopyridine’, ‘antiplatelet’, ‘aspirin’, ‘acetylsalicylic
acid’, ‘prevention’, and ‘monotherapy’ to capture relevant citations. No
language restrictions were applied. Presentations at major national car-
diovascular meetings and bibliographies of relevant articles were also re-
viewed. All citations were imported into Covidence10 and duplicate
citations were removed prior to title and abstract review. All studies
were screened by 2 reviewers (D.A. and Z.C.) and relevant studies
were identified for the full-text review. If there was discordance among
reviewers regarding the inclusion of a study in the final analysis, a third
reviewer was consulted to reach a consensus (A.Q.). All randomized
trials reporting clinical outcomes comparing P2Y12 inhibitor monother-
apy with aspirin monotherapy for secondary prevention in patients
with the established atherosclerotic vascular disease were included in
this analysis. Trials with a sample size below 100 participants, trials using
ticlopidine in the P2Y12 inhibitor arm, and trials with a duration of mono-
therapy of less than 30 days were excluded. Observational or registry
studies were also excluded. Full-texts of all the included trials were
then reviewed for inclusion in the final meta-analysis. This review was re-
gistered with PROSPERO (CRD 42021260714).

Outcome measures
The primary efficacy outcome of interest was major adverse cardiovas-
cular events (MACE). In the majority of studies, MACE was defined as
a composite of stroke, myocardial infarction (MI), or death. The primary
safety endpoint was major bleeding. Supplementary material online,
Tables S1 and S2 describe the definitions of MACE and major bleeding
outcomes used across the trials. Secondary outcomes assessed included
MI, stroke (ischemic/hemorrhagic), and all-cause mortality. Data for the
primary and secondary outcomes were extracted by two authors (D.A.
and Z.C.) independently using pre-specified electronic forms.
Additionally, data on the duration of monotherapy, dosage of aspirin/
P2Y12 inhibitor, qualifying events, and baseline characteristics of the trial
participants were extracted individually.

Statistical analysis
Pooled risk ratios (RR) and the corresponding 95% confidence intervals
(CI) were calculated for the primary and secondary outcomes using the
DerSimonian and Laird random-effects model.11 We also performed
pre-specified subgroup analysis based on the P2Y12 inhibitor used and
the qualifying atherothrombotic disease (cardiovascular, cerebrovascu-
lar, or peripheral artery disease). Additionally, among studies where
the qualifying atherothrombotic disease was stable coronary disease or
prior acute coronary syndrome, we evaluated the effect of prior revas-
cularization (PCI, coronary artery bypass grafting [CABG], or mixed)
on the thrombotic and safety outcomes. Significant differences be-
tween the various subgroups were evaluated using the Qb statistic.12

Heterogeneity among studies was assessed using the Higgins I2 value.12

I2 values of,25%, 25–75%, and.75%were considered to represent low,
moderate, and high levels of heterogeneity, respectively. A random-effects
meta-regression analysis using the empirical Bayesmethodwas conducted
to evaluate the association of trial-level variables with the primary efficacy
and safety outcomes. Meta-regression model variables were selected a
priori and included the duration of follow-up with monotherapy, dosage
of aspirin, and the baseline risk in the aspirin arm (expressed as a ratio of
event/non-event). Among trials reporting a range of aspirin dose, the high-
er end of the dose range was considered for the regression model. We
also conducted a leave-one-out sensitivity analysis to evaluate the effect
of individual trials on the pooled primary and secondary endpoints and
to exclude the possibility of a single trial disproportionately affecting
the overall outcome. Publication bias and small study bias were assessed
visually with funnel plots and Egger’s regression test. All p-values were
two-tailed with statistical significance specified at 0.05 and CI reported
at 95% level. Stata version 16 (StataCorp, College Station, Texas) and R
package, Metafor, version 3.6.2 (R Foundation) were used for all statistical
analyses. The number needed to treat (NNT) was calculated using the
pooled RRs. The risk of bias and study quality was assessed using the re-
vised Cochrane risk-of-bias tool.13 Two authors independently assessed
(K.B. and V.J.) each study using 5 domains of bias: (i) randomization pro-
cess, (ii) deviations from intended interventions, (iii) missing outcomes
data, (iv) measurement of the outcome, and (v) selection of the reported
results. Each individual trials’ overall bias was reported as low risk, some
concern, or high risk.

Results

Study characteristics
Of the 6058 results identified in the initial search, 9 randomized trials
were selected for the analyses after step-wise review (Figure 1).14–22

The design and baseline characteristics of the individual trials are de-
scribed in Table 1. Five studies compared aspirin with clopidogrel while
4 studies compared aspirin with ticagrelor. Six trials enrolled patients
with coronary artery disease including 1 study that randomized pa-
tients with previous MI, one with chronic coronary syndromes, 2
with patients after PCI with drug-eluting stent placement, and 2 after
CABG. Two studies enrolled patients after a stroke or transient ische-
mic attack and only 1 study, the Clopidogrel Versus Aspirin in Patients
at Risk of Ischemic Events (CAPRIE) trial,14 included patients with
a history of ischemic stroke, prior MI, or symptomatic peripheral ar-
tery disease. The included studies had follow-up periods between 3
and 36 months. The GLOBAL LEADERS trial, a clinical study compar-
ing 2 forms of antiplatelet therapy after stent implantation trial21 was
designed to compare dual antiplatelet therapy durations of 1 month
versus 12 months. However, in the follow-up period from 12 to 24
months, the control group (dual antiplatelet therapy for 1 year) re-
ceived aspirin whereas the experimental group (dual antiplatelet ther-
apy for 1 month) received ticagrelor. Similarly, the Clopidogrel in
High-Risk Patients with Acute Nondisabling Cerebrovascular Events
(CHANCE) trial20 compared dual antiplatelet therapy for 21 days fol-
lowed by clopidogrel with aspirin monotherapy for 90 days. For these
2 trials, we only included outcomes from the period with monother-
apy with P2Y12 inhibitors or aspirin in the treatment arms.

Study population
A total of 61 623 patients were included in these analyses. Three
studies (CAPRIE, GLOBAL LEADERS, Acute Stroke or Transient
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Ischemic Attack Treated with Aspirin or Ticagrelor and Patient
Outcomes [SOCRATES]) accounted for more than three-quarters
of all patients. The qualifying event for enrolment was stroke in 24
326 (39.5%) patients and acute coronary syndrome in 18 445
(29.9%). 12 400 (20.1%) patients were included due to the pres-
ence of chronic coronary syndromes, and 6452 (10.5%) patients
were included due to the presence of peripheral artery disease.
The mean age of patients was between 62 and 67 years. The pro-
portion of females ranged between 15% and 42%. Although the ma-
jority of patients had hypertension, the prevalence of diabetes,
chronic kidney disease, and smoking in the different studies was
wide-ranging. The most commonly used medications at baseline

were statins and beta-blocking agents. Discontinuation rates and/or
the proportion of patients lost to follow-up across the studies were
generally higher in the P2Y12 inhibitor group (see Supplementary
material online, Table S3).

Outcomes
The primary efficacy outcome (MACE) and safety outcome (major
bleeding) are depicted in Figures 2 and 3. The risk of MACE was sig-
nificantly reduced with the use of P2Y12 inhibitor monotherapy as
compared with aspirin (RR 0.89 [95% CI 0.84–0.95], I2= 0%, NNT
141). This result was consistent irrespective of the P2Y12 inhibitor
used (p-interaction= 0.83). The use of P2Y12 inhibitors was also

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow chart for the study. Search of Medline, EMBASE,
and Cochrane Central databases revealed 6058 citations. Of these, 9 studies met the inclusion criteria and were included in the analyses.
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associated with a reduced risk of MI as compared with aspirin (RR
0.81 [95% CI 0.71–0.92], I2= 0%, NNT 273) (Figure 4). No significant
difference was observed in the risk of stroke (RR 0.85 [95% CI 0.73–
1.01], I2= 43.3%) (Figure 5) or all-cause death (RR 1.01 [95% CI
0.92–1.11], I2= 0%) (Figure 6). The risk of major bleeding (RR 0.94
[95% CI 0.72–1.22), I2= 42.6%) (Figure 3) and any bleeding (RR
1.07 [95% CI 0.88–1.30], I2= 60.5%) were similar between P2Y12 in-
hibitor monotherapy and aspirin monotherapy treatment groups.
Bleeding outcomes are expanded in Supplementary material
online, Table S4.

Subgroup analyses based on the qualifying event (see
Supplementarymaterial online, Figures S1–S3) revealed that the over-
all reduction inMACEwith P2Y12 inhibitorswas driven by a reduction
in recurrence of the primary event. The risk of recurrent stroke or
transient ischemic attack was lower with P2Y12 inhibitors as com-
pared with aspirin (RR 0.89 [95% CI 0.81-0.98], I2= 0%). Similarly,
in patients with coronary artery disease, the risk of MI was lower
with P2Y12 inhibitors as compared with aspirin (RR 0.83 [95% CI

0.71–0.98], I2= 2.6%). As compared with aspirin, P2Y12 inhibitors
significantly reduced the risk of MI in patients treated with PCI
(RR 0.73 [95% CI 0.55–0.96], I2= 0%) (see Supplementary
material online, Figure S4). The risk of major bleeding remained
similar across all subgroups (see Supplementary material online,
Figure S5).
Sensitivity analysis showed that the reductions in MACE (see

Supplementary material online, Figure S6) and MI (see Supplementary
material online, Figure S7) were consistent after eliminating the in-
cluded studies one-by-one. Additionally, meta-regression ana-
lyses did not find any significant interaction with the duration of
follow-up. The degree of heterogeneity between the studies
was low to moderate for all outcomes, except the secondary
safety outcome of any bleeding. Funnel plots did not show any sig-
nificant publication bias (see Supplementary material online,
Figure S8). The risk of bias assessment of the individual studies
was graded between low to some concern (see Supplementary
material online, Table S5).

Figure 2 Major adverse cardiovascular events (MACE) in P2Y12 inhibitor monotherapy versus aspirin monotherapy. The primary efficacy out-
come of interest was MACE, which was defined as a composite of stroke, myocardial infarction (MI), or death in the majority of studies. The
DerSimonian and Laird random-effects model was used to examine the risk ratios (RR). All 9 trials were included for this analysis. P2Y12 inhibitor
monotherapy reduced the risk of MACE by 11% as compared with aspirin monotherapy (RR 0.89 [95% CI 0.84-0.95], I2= 0%). This result was
consistent irrespective of the P2Y12 inhibitor used (p-interaction= 0.83). CI= confidence interval, MACE=major adverse cardiovascular events,
P2Y12i= P2Y12 inhibitor, RR= risk ratio.
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Discussion
We conducted an updated meta-analysis of studies comparing
P2Y12 inhibitor monotherapy with aspirin monotherapy for sec-
ondary prevention in patients with established atherosclerotic car-
diovascular disease. Our analysis showed that compared with
aspirin monotherapy, P2Y12 inhibitor monotherapy (with clopido-
grel or ticagrelor) significantly reduced the risk of MACE by 11%
and MI by 19%. The reduction in MACE was consistent irrespect-
ive of the P2Y12 inhibitor used and no significant interaction was
found between MACE or MI and the qualifying disease/event.
We found no significant difference in the risk of major bleeding
with P2Y12 inhibitor monotherapy compared with aspirin mono-
therapy. Notably, pre-specified analysis based on the qualifying
event showed a greater reduction in the recurrence of the primary
event/disease with P2Y12 inhibitors. However, the reduction in
MACE and recurrent events with P2Y12 inhibitor monotherapy
did not translate into reduction in all-cause mortality. This may
be because of the short duration of follow-up in the majority of

trials and may evolve as extended periods of monotherapy with as-
pirin and P2Y12 inhibitors are compared.
Over the past few years, trials demonstrating the feasibility of abbre-

viated periods of dual antiplatelet therapy after PCI have been under the
spotlight.23–25 However, the evidence regarding the preferred antiplate-
let monotherapy to be used following dual antiplatelet therapy has been
limited. The CAPRIE trial was the first and largest trial comparing aspirin
with a P2Y12 inhibitor monotherapy in patients with recent MI, ischemic
stroke, or symptomatic peripheral arterial disease.14 The observed re-
duction in the occurrence of composite ischemic outcomes with clopi-
dogrel with a lower rate of hospitalization for gastrointestinal bleeding26

led to its acceptance as an alternative to aspirin. Other small trials that
compared aspirin with clopidogrel in patients with chronic ischemic
heart disease showed no difference in outcomes.15,16 Similarly, in pa-
tients who underwent CABG, ticagrelor monotherapy was found to
be equivalent to aspirin monotherapy in terms of venous graft patency,
revascularization, or bleeding.17,18 Residual risk of recurrent stroke with
aspirinmonotherapy prompted the SOCRATES trial, a double-blind trial
with 13 199 patients that showed similar outcomes with ticagrelor and

Figure 3 Major bleeding in P2Y12 inhibitor monotherapy versus aspirin monotherapy. The primary safety outcome of interest was major bleeding
was evaluated using the DerSimonian and Laird random-effects model. There was no significant difference in the risk of major bleeding between
P2Y12 inhibitor and aspirin monotherapy (RR 0.94 [95% CI 0.72–1.22], I2= 42.6%). CI= confidence interval, MB=major bleeding, P2Y12i=
P2Y12 inhibitor, RR= risk ratio.
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aspirin.19 Indirect evidence from a network meta-analysis demonstrated
no significant difference in ischemic or bleeding outcomes with aspirin
versus P2Y12 inhibitor monotherapy after a short course of dual antipla-
telet therapy in patients post-PCI.27

The HOST-Extended Antiplatelet Monotherapy (HOST-EXAM)
trial,22 published in 2021, was the first randomized trial directly compar-
ing aspirin with clopidogrel monotherapy after event-free completion of
dual antiplatelet therapy for 6–18 months following PCI with
drug-eluting stents. The key finding from this study was lower incidence
of the composite outcome of all-causemortality, MI, stroke, readmission
for the acute coronary syndrome, and major bleeding with clopidogrel.
However, the short follow-up period (24 months), open-label design,
and an exclusively East Asian population limit the generalizability of these
results to routine clinical practice. Regardless, this trial has re-energized
the debate about the optimal agent for antiplatelet monotherapy for
secondary prevention of atherosclerotic cardiovascular events.

A recent meta-analysis by Chiarito et al reported a marginal reduc-
tion in the risk of MI with P2Y12 inhibitor (clopidogrel, ticlopidine, ti-
cagrelor) monotherapy compared with aspirin but found no
difference in all-cause mortality, concluding that the available evi-
dence did not support a change in practice away from aspirin.28

Our study builds on this analysis by (i) including the HOST-EXAM

trial, (ii) studying MACE events, and (iii) excluding trials with ticlopi-
dine, hence limiting the analysis to P2Y12 inhibitors used in the pre-
sent day.29 We chose MACE as the primary outcome since the goal
of antiplatelet therapy is the prevention of thrombotic events in all
vascular beds and not just coronary, cerebrovascular, or peripheral
arterial disease events individually. Moreover, the majority of the in-
cluded trials were powered for detecting differences in MACE.
Given the observed reduction in the risk of MACE andMI, our ana-

lysis may support the preferential use of clopidogrel or ticagrelor
over aspirin monotherapy in patients with established atherosclerot-
ic cardiovascular disease. The population to whom our results are
most applicable includes patients who have successfully completed
6 to 18 months of dual antiplatelet therapy, patients with chronic
coronary syndromes, peripheral arterial disease, and recent ischemic
stroke or TIA. Current practice guidelines recommend the use of
P2Y12 inhibitors as effective alternatives to aspirin monotherapy,
but aspirin is still considered the default agent in these scen-
arios.30–33 As the evidence demonstrating the equivalency and in-
deed, the superiority of P2Y12 inhibitors is now established, it is
reasonable to prefer P2Y12 inhibitor monotherapy over aspirin
monotherapy. Personalized approach for the choice of P2Y12 inhibi-
tor to be used for antiplatelet monotherapy should be considered.

Figure 4 Myocardial infarction (MI) in P2Y12 inhibitor monotherapy versus aspirin monotherapy. Pooled risk ratio (RR) of MI was calculated from
8 of the 9 included trials. The use of P2Y12 inhibitors was associated with a 19% risk reduction of MI as compared with aspirin (RR 0.81 [95%CI 0.71–
0.92], I2= 0%). CI= confidence interval, MI=myocardial infarction, P2Y12i= P2Y12 inhibitor, RR= risk ratio.

8 D. Aggarwal et al.



While routine pharmacogenomic testing for response to clopidogrel
is currently not recommended, among patients with established sub-
optimal response to clopidogrel, other P2Y12 inhibitors such as tica-
grelor or prasugrel should be favored.34 Genotype-guided
personalized antiplatelet therapy and de-escalation using platelet
function testing are options for a more tailored approach, although
feasibility and cost-effectiveness are barriers to their widespread
use.35,36 Notably, the cost of ticagrelor may be a barrier to its use
in many countries, however, this issue is expected to improve after
its patent expires in 2024.

Our study has limitations that should be considered when inter-
preting the pooled results. The population included in our analysis
varied widely and included patients with chronic coronary syn-
dromes, recent MI, cerebrovascular disease, or peripheral arterial
disease. To account for this inter-study variability, subgroup ana-
lyses were conducted and suggested no significant interaction of
qualifying diagnosis with primary or secondary outcomes.
However, given the limited number of trials included, the stratified
analysis may lack sufficient statistical power to demonstrate pos-
sible differences. Similarly, the results from the meta-regression
analysis evaluating the role of underlying baseline risk and duration
of follow-up might also be limited by the low number of studies in-
cluded in the pooled analysis. Due to the lack of patient-level data,
we were also unable to investigate the effect of background therap-
ies such as statins on the endpoints. The definition of MACE varied

marginally between studies but included MI, stroke, and death.
While death should ideally be classified as cardiovascular and non-
cardiovascular death to capture the potential off-target effects of
either drug class, this was not feasible as non-cardiovascular death
was reported separately in only 2 studies. Additionally, these find-
ings do not generalize to patients with recent drug-eluting stents
requiring dual antiplatelet therapy, patients who had ischemic or
bleeding events while on dual antiplatelet therapy, patients with a
severe disabling stroke, and patients requiring chronic anticoagula-
tion. The CHANCE trial was designed to compare the outcomes of
initial dual antiplatelet therapy for 21 days followed by clopidogrel
with aspirin monotherapy after a minor stroke or transient ische-
mic attack. Although we included outcomes from day 22 onwards,
it is possible that the events in the clopidogrel arm were influenced
by the lingering effects of dual antiplatelet therapy. We also ex-
tracted data selectively from the latter half of the GLOBAL
LEADERS trial. We recognize that derivation of data in part may
raise doubts about the validity and the decision to include the study.
However, the results were consistent upon exclusion of the
GLOBAL LEADERS and CHANCE trials (see Supplementary
material online, Table S6), confirming the robustness of the ana-
lyses. Future research directly comparing the outcomes of mono-
therapy with aspirin versus P2Y12 inhibitors for specified
indications and head-to-head comparison between different
P2Y12 inhibitors will help provide definitive evidence.

Figure 5 Stroke in P2Y12 inhibitor monotherapy versus aspirin monotherapy. The occurrence of stroke (ischemic/hemorrhagic) was reported in
7 trials. No significant difference was observed in the risk of stroke (RR 0.85 [95% CI 0.73–1.01], I2= 43.3%). CI= confidence interval, P2Y12i=
P2Y12 inhibitor, RR= risk ratio.
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In conclusion, in this meta-analysis of randomized trials, P2Y12 in-
hibitor monotherapy for chronic secondary prevention was asso-
ciated with lower risk of MACE and MI compared with aspirin
monotherapy in select patients with established atherosclerotic car-
diovascular disease. Dedicated randomized trials comparing the 2
strategies and individual P2Y12 agents are needed to further establish
the optimal antiplatelet therapy for secondary prevention in patients
with atherosclerotic cardiovascular disease.
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